Abstract
Introduction
Diabetes is a group of metabolic diseases affecting about 150 million people worldwide, and is one of the leading causes of death and disability, such as blindness, nerve degeneration and kidney failure (Mercado & Mousse, 1998 , Mossy et al., 1994 , Privet et al., 2008 . The diagnosis and management of diabetic patients require precise monitoring and control of the glucose level in the body. It is necessary to test frequently the physiological glucose level in order to confirm treatment efficiency, prevent long-term complications and avoid a diabetic emergency, such as hypoglycemia (low blood sugar, <3 mM). Currently, diabetics must frequently check their blood glucose levels by "finger-pricking" and adjust their insulin dosage to keep the glucose level as close to "normal" as possible.
The enzyme sensors based on glucose oxidase have been widely used for the detection of blood glucose. However, the activity of enzyme can be easily affected by temperature, pH, humidity and toxic chemical. Nanostructured metal-oxides have been extensively explored to develop non-enzymatic glucose sensors with high sensitivity, fast response times, and stability for the determination of glucose by electrochemical oxidation, such as Cu nanoparticles (NPs) or Cue NPs (Dong et al., 2015; Jiang et al., 2010; Kang et al., 2015; Wang & Zhang, 2011; Zhang et al., 2013) , Knox and metal oxide Yuan et al., 2013; Zhu, & Huang, 2012) , Ni, NiO or Ni (OH) 2 NPs (Li et al., 2011; Liu et al., 2009; Lu et al., 2009; Nile et al., 2011; Safaris et al., 2009; Zhang et al., 2010) , Mesoporous Pt (Park et al., 2003) , Pup (Cui et al., 2007; Guo et al., 2011; Wang et al., 2008) , Put (M= Ru, Pd and Au) NPs (Xiao et al., 2009) , Porous Au , N 2 -doped Ag (Lout et al., 2014) , MnO 2 and Me compounds Yang et al., 2015) , Co 3 O 4 /PbO 2 , Bimetallic Macon (M = Cu, Fe, Ni, and Mann) NPs and so on. In this work, Nano-Fe and MWCNTs were fabricated a non-enzymatic glucose sensor with excellent performances. The sensor has been applied to determination of glucose in serum.
Experimental

Reagents and animals
MWCNTs (GMWCNT2, 10-20 nm diameter, 10-20 µm length, purity > 99.9%) were purchased from Shanghai Jakarta Chemical engineering Sci & Tech Co. Ltd. (Shanghai, China) and Nano-Fe (50 nm average diameter, purity 99.99%) was purchased from Beijing Deke Daojin Science & Technology Co. Ltd (Beijing, China). They were used without further purification.
Other reagents were of at least analytical-reagent grade. All solutions were prepared using doubly distilled water. Standard stock solution of glucose (20 am) were prepared in a pH 8.0 PBS and stored at 4°C for 1 month. Working standard solutions were prepared daily by diluting the stock solutions with pH 8.0 PBS.
Electrode preparation
Fe nanoparticles and MWCNTs with the ratios of W Fe /W Fe+CNTs of 0.30, 0.25, 0.20, 0.15 and 0.10 were mixed and grinded in a mortar to obtain a homogeneous mixture. The FeMWCNTs electrode was prepared by mixing the mixture and silicone oil in a ratio of 3:2 (w/w) in a mortar and grind until a uniform paste was obtained. A portion of the resulting paste was packed firmly into the cavity (3.0 mm diameter and 2 mm depth) of a polytetrafluoroethylene (PTFE) tube. The electric contact was established via a copper wire with the aid of Wood's alloy.
The electrode surface was gently smoothed by rubbing on a piece of weighing paper just prior to use. This procedure was also used to regenerate the surface of the electrode proposed.
Measurement
Electrochemical experiments were performed on a CHI 832A workstation (CH et al.,) at room temperature. A conventional three electrode system was employed, including a homemade The stability, reproducibility and long-term stability of the Fe-MWCNTs electrode were studied in PBS (pH8.0) solution. 100 serum samples from local hospital were tested by the sensor and conventional spectrometry and results obtained were compared.
Results and Discussion
The ratio between Fe nanoparticles and mwcnt
The dependence of response current on the ratio between Fe and MWCNTs is shown in To investigate the influence of pH value on the voltammetric behavior of glucose on FeMWCNTs electrode was examined in a pH range from 7.0 to 10.5, and the results are shown in Figure 2 . As shown, with the increase of pH value of the solution, both anodic peak current, Ipa and cathode peak current, Icy were enhanced and the peak formal potential E0 of the redox couple negatively shifted, suggesting that OH-participated in the redox process of the modified electrode. These were attributed to synergy effects of nano-Fe and MWCNTs.
The mechanism of Glucose oxidation
The mechanism of Glucose oxidation is 
Performances
The cyclic voltammograms of glucose on Fe-MWCNTs electrode at different scan rates are shown in Figure. 10, b. 60, c. 150, d. 260, e. 440, f. 580 mV/s, respectively. Inset: The dependence of the peak height on the scan rate The stability and reproducibility of the Fe-MWCNTs electrode were studied in PBS (pH8.0) solution. A set of 11 replicate measurements for 2.0 mM glucose yielded a relative standard deviation (RSD) of 3.5%. Five Fe-MWCNTs electrodes were fabricated, and the RSD for the individual determination of 2.0 mM glucose was 3.8%. The long-term stability of the modified electrode was tested after being stored in dry conditions at room temperature for 60 days, and no significant change in current responses was observed. Thus, the Fe-MWCNTs electrode exhibited acceptable stability and reproducibility. Recovery of glucose detected in serum samples were listed in Table 1 . Recovery was from 90 -108%. Therefore, this new electrochemical method using the sensor is feasible and accurate for the detection of glucose. The results confirm that the sensor reaches the needs of glucose determination in the serum samples.
Application
In order to testify the performance of this sensor in real sample analysis, the blood sugar values were analyzed by the conventional spectrometry method and the sensor proposed method.
Each sample solution undergoes three-parallel detections. 
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